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Proenkephalin+ regulatory T cells expanded by ultraviolet-B exposure 
maintain skin homeostasis with a healing function 
（紫外線で増殖したプロエンケファリン+制御性 T 細胞はヒーリング機能を持
ち、皮膚の恒常性を維持する） 
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Regulatory T (Treg) cells, expressing CD25 (interleukin-2 receptor αchain) and Foxp3 
transcription factor, maintain immunological self tolerance and suppress various immune 
responses. UVB irradiation expands functional skin Treg cells up to ~60% of skin CD4+ T 
cells, resulting in Treg cell homeostasis in peripheral lymphoid organs (1). The origin of Treg 
expansion is mostly from the in situ proliferation of thymic-derived Treg cells in the UVB-
exposed skin, not the influx of T cells (1). However, functional characteristics of UVB-
expanded skin Treg (UVB-skin Treg) cells remain to be elucidated and how they are 
implicated in the regulation of skin homeostasis is still unclear. In this study, we report a 
feature of skin Treg cells expanded by ultraviolet B (UVB) exposure. 
Results 
We found that skin Treg cells possessing a healing function are expanded by UVB exposure 
with the expression of an endogenous opioid precursor, proenkephalin (PENK). Upon UVB 
exposure, skin Treg cells were expanded with a unique TCR repertoire. Also, they highly 
expressed a distinctive set of genes enriched in “wound healing involved in inflammatory 
responses” and the “neuropeptide signaling pathway,” as indicated by the high expression of 
Penk. We found that not only was PENK expression at the protein level detected in the UVB-
expanded skin Treg (UVB-skin Treg) cells, but that a PENK-derived neuropeptide, 
methionine enkephalin (Met-ENK), from Treg cells promoted the outgrowth of epidermal 
keratinocytes in an ex vivo skin explant assay. Notably, UVB-skin Treg cells also promoted 
wound healing in an in vivo wound closure assay. In addition, UVB-skin Treg cells produced 
amphiregulin (AREG), which plays a key role in Treg-mediated tissue repair. 
Conclusion 
These results suggested that identification of a unique function of PENK+ UVB-skin Treg 
cells provides a mechanism for maintaining skin homeostasis. 
 
(1) Yamazaki et al., J Immunol 2014 
